A first study on the effect of misaligning the downstream spectrometer of the Muon Ionisation Cooling Experiment (MICE) upon the measurement of fractional emittance change is presented. This preliminary study has limited statistical accuracy, but already shows that the MICE spectrometer trackers need to satisfy alignment constraints on both trackers of 3 mm in positional and 1 mrad in rotational accuracy to achieve the MICE stated experimental goals of ∼ 1% error on the fractional emittance change due to the cooling channel.
Introduction and MICE
The Muon Ionization Cooling Experiment (MICE) [1, 2] aims to experimentally demonstrate ionization cooling: the reduction in transverse (4 dimensional) emittance of a muon beam due to ionization through a low Z absorber (liquid hydrogen or lithium hydride) and subsequent re-acceleration via radio-frequency (RF) cavities. MICE aims to demonstrate a fractional emittance reduction of -10% with an error of 1% (absolute emittance precision of 0.1%) for a variety of muon beams between 2π mm rad and 10π mm rad emittance and with momenta between 140 and 240 MeV/c. The purpose of this study is to estimate the systematic error upon the measurement of the fractional emittance change, due to a misalignment of the MICE spectrometers.
MICE has already started running parasitically at the ISIS synchrotron at the Rutherford Appleton Laboratory (RAL). It will evolve in a stepwise fashion over time with incremental addition of detectors, radio-frequency (RF) cavities and absorbers (Figure 1 ). At either end of MICE there are two spectrometers, consisting of five scintillating fibre tracker planes each, embedded in two 4 Tesla superconducting solenoids for measuring the emittance before and after the cooling channel. Calorimeter, time of flight and Cherenkov detectors perform particle identification to exclude pions and electrons from the emittance measurement. of beam emittances is shown in Figure 2 . Provisional results tabulated in Table 1 show the difference of fractional emittance change
between a perfectly aligned and misaligned spectrometer for different emittance beams and for six misalignment configurations.
The goal of MICE is to measure the fractional emittance drop with an error of 1% or less. The largest change due to misalignment is 1.9% (Table 1) , with statistical uncertainties of 0.5% to 1%. If these changes are linear in the size of misalignment, limiting these misalignments to 1/3 of those studied would meet the MICE specification, implying maximum acceptable misalignments of 3 mm (positional) and 1 mrad (rotational). Greater statistics are required in order to bolster these conclusions; however, this preliminary study suggests that with careful survey and alignment, the MICE specification can be met. Table 1 : Preliminary results of fractional emittance change due to misalignment settings of 10 mm translation, 3 mrad rotation and a combination of both for six different emittance beams (1.5π to 10π mm rad).
